The volume of the circulating blood in the lungs is important in the study of the pulmonary circulation and some methods for its measurement have been reported, but none of them can claim precision. We have succeeded in devising a method which is likely to yield adequate results in measuring the minute volume and the volume of the circulating blood in the lungs using PAH, which we will report hereunder.
From the Medical Clinic of Prof. F. Na k a z a w a, Faculty of Medicine. Tohoku University, Sendai (Received for publication, August 3, 1954) The volume of the circulating blood in the lungs is important in the study of the pulmonary circulation and some methods for its measurement have been reported, but none of them can claim precision. We have succeeded in devising a method which is likely to yield adequate results in measuring the minute volume and the volume of the circulating blood in the lungs using PAH, which we will report hereunder.
Theoretical Consideration
We measure first the renal plasma flow (v) and thence deduce the minute volume of plasma (M) and the volume of the circulating plasma in the lungs (Q). ‡T ) Measurement of the renal plasma flow (v) In our former reports1)2) we have calculated the renal plasma flow (v) by means of the concentration of PAH in the veins, but for getting exact results, we must use the concentration of PAH in the arteries. The method is obtained by making some changes in the previous method, as follows :
Let z stand for the quantity of PAH reduced in the circulating plasma within time t after the start point of time o under PAH equilibrium, x for the quantity of PAH lost from the circulating plasma into urine within the same time range, and y for the quantity of PAH that passed over from tissues into the circulating plasma in the same time range. Then, z=x-y According to our experimental results, the concentration of PAR in the arteries is smaller than that in the veins and as shown in Fig. 1 From (4) Consequently, from (3) and (5), we have a-z=C(Va+rVv) (5) z=(C0-C)(Va+rVv) (13) From (10) y = Kx (since when x =o, then y=o), and thus from (1) z=(1-K)x (14) Thus, from (13) and (14), we get
From (12) and (15) Then, express the PAH concentration in the arteries at the point of time t, with C, and the quantity of PAH lost into urine within the time range o-t, with x,, and we get from which the renal plasma flow v may be calculated. ‡U ) Calculation of the minute volume of plasma
The urine is formed by filtration of a part of the circulating plasma in the kidneys, and when a suitable amount of water is orally given, a quantity of water equal to that of the urine is thought to move into the circulating plasma from the tissues and to keep the volume of the circulating plasma at a constant value.
Thus it may be assumed that the quantity of the water moved from the tissues into the circulating plasma per minute is equal to the quantity of urine ` u ' excreted per minute in average.
Therefore, if M stands for the minute volume of plasma, the volume of the plasma that flows in one minute into the right auricle of the heart from the organs and tissues except kidneys may be represented by M-v+u.
If c0 is the concentration of PAH in the antecubital vein at the point of time 0, then it may be assumed that the concentration in all other veins at the same point of time is equal to co except in the renal veins, where, since 88% of PAH content is excreted into the urine in a single circulation through kidneys the PAH concentration must be 0.12 c,,.
Taking the circulation time from the antecubital vein to the right auricle as ` p ', the concentration of PAH in the right auricle at the point of time p may be represented as follows :
Now, the lungs contain besides the blood in them 4,000-5,000cc of air in normal condition.
When this capacity of the air in the lungs and the space occupied by the lungs in the thorax are compared with each other, the difference would be small indeed. Thus it may be deduced that the lung tissue excluding the blood must be small in quantity and consequently the volume of the extracellular fluid in the lungs must be also extremely small. This is also natural from the function of the lungs consisting in the exchange of gas. Consequently, the quantity of PAH moving from the lung tissue into the plasma during circulation through lungs must be assumed to be very small. According to Ebert et al .4) , the mean circulation time of blood from the pulmonary artery to the femoral is on the average 10.2 seconds in normal individuals, and according to Blumgart et al.5) , that from the elbow to the right auricle of the heart 6.7 seconds and from the right auricle to the elbow 10.8 seconds.
Thus the circulation time from the right auricle to the elbow and to the femoral artery was measured both to be about 10 seconds. As the concentration of PAH in the arteries at the point of time t, is C,, the value of a may also be deduced from (4) Therefore and from (16) As V0-V1 shows the quantity of PAH that was decreased from the regions of the systemic circulation in the time range 0-t1, the value of x1-(V0-V1) represents the quantity of PAH lost from the regions of the pulmonary circulation in the same duration of time.
As stated above, the volume of the extracellular fluid in the lungs may be regarded very small in quantity, so that the quantity of PAH lost from the regions of the pulmonary circulation may be assumed to be equal to that lost from the circulating plasma in the lungs. Thus the following equation may be derived, in which Q stands for the volume of the circulating plasma in the lungs.
x1-(V0-V1) =(C0-C1) Q Therefore From (19) and (20),
The volume of the circulating plasma Q in the lungs may be calculat ed from this formula.
Experimental Method
About healthy adults we made our experiments. Methods of PAH injection and water feeding were the same as in the previous report .2 For measuring the concentration of PAH, the method reported by Smith et al.s) was employed and an electric photometer was used for colorimetry.
Between the point of time approximately 30 minutes (point of time 0) and 50 minutes (t1) after the injection, while PAH equilibrium existed, three blood samples were drawn from the femoral arterty as well as from the antecubital vein, while the urine excreted in the same time range was collected and the concentration of PAH in the plasma and urine were measured. From these measured values the renal plasma flow, the minute volume of plasma and the volume of the circulating plasma in the lungs were calculated with the above formulae.
Result and Discussion
Tab. I shows the results of 14 experiments.
The values of M given in the Tab. seem to be in good agreement with the values of the minute volume of plasma, and our expectation that this method is capable of calculating the minute volume of plasma seems to be justified. From these and the hematocrit values we can calculate the minute volume of blood. The volume of the circulating plasma in the lungs Q in the Tab. does not differ considerably from the values given by Ebert et al.4) , who have calculated the volume of the circulating blood in the lungs by measuring the mean circulation time from the pulmonary to the femoral artery, using Stewart's formula."
Though, as has been pointed out also by themselves, their values do not exactly represent the real values of the volume of the circulating blood in the lungs, but show the sum of the blood volume in the left chambers of the heart, in the aorta, in some arteries and in the pulmonary vessels, Q in the present paper represents the volume of the circulating plasma only in the lungs. This discrepancy between both values is thought to be due to the condition, that the circulation time from the antecubital vein to the femoral artery in Japanese is presumably shorter than in American, and to decide this problem, we must measure the circulation time actually. It is not required to measure the circulation time from the pulmonary artery to the left auricle in applying our method, but only we have to measure the circulation time from the antecubital vein where the venous blood is drawn to the femoral artery where the arterial blood is drawn and thence we can deduce the real volume of the circulating plasma in the lungs. This circulation time may be measured by the method of Blumgart et al. ' ), but owing to external circumstances, we could not apply this method in our experiments, so in our calculation we had to use the published values of the authors above mentioned. Accordingly, though it is natural that the values of Q given in Tab. I are perhaps in some cases somewhat discrepant from the actual volume of the circulating plasma in the lungs, they may be assumed to show the volume of the circulating plasma in the lungs in approximation, and we feel justified in asserting the rationality of our method and its supporting theory. For an exact measure ment of the volume of the circulating plasma in the lungs, however, it is necessary to use in calculation the actual circulation time from the ante cubital vein to the femoral artery, measured for example by Blumgart's method. CONCLUSION We have reported on the theory underlying our method of calculatig the minute volume of plasma and the real volume of the circulating plasma in the lungs and the justification of our theory by the evidence of the results of 14 experiments.
